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@ Method and system for automated synthesis of chemical products. 

@ An automated chemical compound synthesis system 
performs automatically a synthesis reaction process by prepar- 
ing automatically control information capable of realizing the 
optimum reaction conditions for a given chemical reaction 
formula. The system comprises a synthesis processing appara- 
tus (1) for perfomiing a series of synthesis processing steps 
including supply of raw material compounds, reagents and 
solvents, synthesis reaction, purification and extraction of a 
product in accordance with control Information to thereby 
produce an aimed product and a synthesis control apparatus 
(2) for generating control Information required for controlling 
the synthesis process steps In the synthesis processing 
apparatus. The synthesis control apparatus (2) includes means 
Si (34) for generating the control Information capable of realizing 
M the synthesis reaction under the optimum conditions on the 
basis of a reaction rate constant, an equilibrium constant and 
If) others Involved in the synthesis reaction and supplying the 
CO control information to the synthesis processing apparatus (1). 
CO The control information for realizing the synthesis reaction 
under the optimum conditions includes Information concerning 
O a series of time points (ti) at which the reagent is to be added 
^ and volumes (Vi) of the reagent to be added at the time points, 
2j respectively. 
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Description 

METHOD AND SYSTEM FOR AUTOMATED SYNTHESIS OF CHEMICAL PRODUCTS 

The present invention relates In general to a method and a system for automated synthesis of chemical 
products. More particularly, the present invention is concerned with the automated synthesis method and 
5 system which can automatically establish the optimum conditions for a synthesis reaction for producing a 
given chemical product to thereby control the synthesis reaction process such that the optimum reaction 
conditions can be realized. 

Heretofore, the syntheses of chemical products have been can-ied out through manual operations by an 
operator on the basis of empirically obtained knowledge and rules. By way of example, when an aimed 

10 chemical product is to be produced through the conventional synthesis procedure by adding a reagent to a 
reaction phase In which raw material compounds are in equilibrium with intermediate products to thereby 
cause the reagent to react with an intermediate product, the rate of addition of the reagent is usually 
determined by an operator intuitively on the basis of his or her experience, wherein such a control method Is 
commonly adopted in which a predetermined amount of reagent is added successively at predetermined time 

15 intervals by taking into account the amount of supply of the raw material (stating) compounds. Consequently, 
enormous labor and time consumption are involved, in particular when a batch of different syntheses have to 
be dealt with. Besides, great difficulty has been encountered in attaining the desired purity and yield of the 
aimed or final product, not to speak of uniformity in the quality of the product. 
In the light of the stafe of the art, the inventors of the present application have precedently developed an 

20 automated compound synthesizing system. Fig. 6 of the accompanying drawings shows a basic structure of 
the automated synthesis system, which will briefly be described below for having a better understanding of the 
present invention. 

Referring to Fig. 6, the automated synthesis system illustrated is composed of a synthesis processing 
apparatus 1 and a synthesis control apparatus 2. wherein the synthesis processing apparatus 1 is so arranged 
25 as to perform a series of process steps required for synthesizing an aimed product from the raw material 
(starting) compounds, while the synthesis control apparatus 2 sen/es to prepare the control information for 
controlling the operations of the synthesis processing apparatus 1 and at the same time supervise the states 
prevailing within the synthesis processing apparatus 1 for thereby reflecting the detected states onto the 
control. 

30 The synthesis processing apparatus 1 comprises a reaction unit 11 for carrying out a synthesis reaction 
process, a raw material reagent/solvent supply unit 12 for supplying raw or starting materials, a reagent and a 
solvent to the reaction unit 11 . a purification unit 13 for purifying a product resulting from the synthesis reaction 
process performed by the reaction unit 1 1 , a freezing/drying unit 14 for lyophillzing the product purified by the 
purification unit 11. a washing solvent supply unit 15 for supplying a solvent for washing flow lines of the 

35 reaction unit 1 1 and the raw material/reagent/solvent supply unit 12, as occasion requries, a heating/cooling 
medium circulating unit 16 for heating or cooling the reaction unit 11 and the purification unit 13. an 
exhaust/drainage unit 17 for exhausting and draining the reaction unit 11 and the purification unit 13. an 
interface unit 18, and an electric power supply source unit 19. 
On the other hand, the synthesis control apparatus 2 comprises a computer or central processing unit 

40 (GPU) 21 for generating the control information for controlling sequentially the abovementioned Individual 
units of the synthesis processing apparatus 1 in accordance with predetermined procedure and sequence, 
fetching various state signals detected by sensors installed at the individual units of the synthesis processing 
apparatus 1 and executing a processing for reflecting the detected states onto the control, a memory 
equipment 22 connected to the CPU 21 for storing therein control programs, data and others, an operator 

45 input/output apparatus 23 including a keyboard and a cathode ray tube (CRT) display, and a hard copy printer 
24. 

The efficiency at which the aimed product is synthesized within the reaction unit 11 of the synthesis 
processing apparatus 1, Le. the ratio of the amount of the product to the time required for the synthesis 
depends on the amount of the reagent as added and the rate of the addition, because the raw materials and 

50 the intermediate products are in the equilibrium state. In the automated synthesis system described above, 
however, the control information concerning the amount of additon of the reagent required for the control of 
the synthesis reaction has to be previously prepared logically through manual procedure and loaded In the 
synthesis control apparatus 2 in the form of the control program and the control data. Further, the control 
information must be prepared separately for each of the formulae of chemical reactions involved in the 

55 synthesis, i.e. for each of different combinations of the raw material compounds, reagents and the aimed 
products. 

As will be seen from the foregoing, the automated synthesis system described above also suffers from 
problems. First, the control Information for controlling the synthesis r action has to b cr at d for ach of the 
chemical reactions for synthesis. Further, In order to prepare such c ntroi Information for the optimum 
60 reaction conditions which allows the synthesis reaction to take place at th maximum fflciency. retrieval of a 
data base Including an accumulation of data obtained through lots of experiences is required, which means 
that the preparation of the control information is attended with a significant time consumption and a great 
burden to the operator. Under the circumstances, it has been a common practice to prepar the control 
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information rather Intuitiveiy by relying on the empirically acquired knowledge. 

It is therefor an object of the present Invention to provide an automated compound synthesizing method 
which can av Id the shortcomings of the prior te hnlques mentioned above and which makes it possibl t 
prepare automatically th control Information capable of realizing the optimum conditions for a given chemical 
r action for thereby all wing the synthesis reaction process to be automatically performed in accordanc with 5 
the control information. 

It is another object of the present invention to provide an automated synthesis system for carrying out the 
method mentioned above. 

A further object of the present invention is to provide an automated synthesis system which is adapted to 
produce an aimed product by adding a reagent to a reaction phase including raw material compounds and 10 
intermediates In the equilibrium state to thereby cause the reagent to react with the intermediate, and which 
system controls the volume of the reagent to be added as well as the rate of addition with the aid of a computer 
for thereby producing the aimed product of high purity with an improved yield. 

It Is still another object of the present invention to provide an automated synthesis system of versatile nature 
which can automatically perform a wide variety of synthesis reactions. 15 

The present invention starts from the recognition that physical relations which can be defined by 
predetermined equations exist among a reaction rate constant (ki) and an equilibrium constant (K — ki/k-i) 
of a given chemical reaction formula 

A + B ^ M (intermediate) f P (final product) , 

25 

the concentration of a reagent (R), other synthesis conditions such as the initial concentration of a raw 
material mixture (A + B) , a volume thereof and others, and a time for addition of the reagent (R) and a volume 
thereof for the optimum conditions for reaction, and the invention proposes to determine arithmetically the 
time for addition of the reagent and the volume thereof to be added for thereby preparing the control 
information required for realizing the optimum synthesis conditions by taking into account the addition time 30 
and the added volume of the reagent as determined. 

In view of the above and other objects which will be more apparent as description precedes, there is 
proposed according to an aspect of the present invention an automatic compound synthesizing method for 
producing an aimed product by controlling a series of synthesis process steps including a supply step of raw 
material compounds, a reagent and a solvent, a synthesis reaction step, a purification step and a fractional 35 
extraction (fractionation) of the aimed product in accordance with control information, wherein the control 
information for allowing the synthesis reaction to be performed under the optimum conditions for the 
synthesis reaction is automatically prepared on the basis of parameters such as a reaction rate constant, an 
equilibrium constant and other factors Involved in the synthesis reaction by taking Into account predetermined 
relations which exist among the abovementioned parameters, the time for addition of the reagent and the 40 
amount thereof. 

According to another aspect of the present invention, there is provided an automated synthesis system 
which comprises a synthesis processing apparatus for controlling a series of synthesis process steps 
including supply of raw material compounds, reagent and solvent, synthesis reaction, purification and 
fractional extraction of a product in accordance with control information to thereby produce an aimed product, 45 
and a synthesis control apparatus for generating control information required for controlling the synthesis 
process steps in the synthesis processing apparatus, wherein the synthesis control apparatus includes means 
for generating the control information capable of realizing the synthesis reaction under the optimum 
conditions for the reaction on the basis of a reaction rate constant, an equilibrium constant and others involved 
in the synthesis reaction and supplying the control information to the synthesis processing apparatus, and 50 
wherein the control information for realizing the synthesis reaction under the optimum conditions for the 
reaction includes information concerning a series of time points at which the reagent is to be added and 
volumes of the reagent to be added at the time points, respectively. 

In a pref en^ed embodiment of the present Invention, It is taught that when the reaction rate constant and the 
equilibrium constant are unknown In a given chemical reaction formula, they are calculated from a substituent 55 
constant and a reaction constant, whereby the control information required for the synthesis reaction Is 
arithmetically determined by making use of the calculated reaction rate constant and the calculated 
equilibrium constant In the case of the reaction of keto acid with amino acid, by way of example, expressions 
for calculations may be such as mentioned below. 

K = 0.47exp ( 1.414 xEs) SO 

ki « 9.57 exp ( 6.0 x Es ) 

where Es represents the substituent constant 

The above and other obj cts as well as advantageous featur s and effects of the present Invention will be 
more apparent upon consideration of the following description of the preferred and exemplary embodiments 
thereof taken, by way of example only, in conjunction with the accompanying drawings, in which: 65 
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Fig. 1 is a schematic block diagram for illustrating tine principle underlying the present Invention; 

Fig. 2 is a functional block diagram showing a general arrang ment of an automated compound 
synthesizing system according to an exemplary embodiment of the present invention ; 

Fig. 3 Is a sequence chart or table showing, by way of example only, timing relations among process 
5 steps in an automated compound synthesis, detections of status quantities prevailing in the synthesis 

process and control procedure steps; 

Fig. 4 is a flow chart showing schematically a basic structure of a control program according to an 
embodiment of the invention; and 

Figs. 5(A) to 5(E) are flow charts illustrating routines incorporated in the control program shown in 
10 Fig. 4, in which: 

Fig. 5(A) is a flow chart of a main Input routine; 

Fig. 5(B) is a flow chart of a reaction condition parameter setting routine; 
Fig. 5(C) Is a flow chart of a reaction control Information generating routine; 
Fig. 5(D) is a flow chart of a reaction product purification and isolation condition generating routine; 
15 Fig. 6(E) is a flow chart of a main control routine ; and 

Fig. 6 is a view showing a structure of an automated synthesis apparatus according to the precedent 
proposal. 

Before entering into detailed description of the exemplary embodiments of the present invention, the 
principle underlying the Invention will first be elucidated by reference to Fig. 1. 

20 In Fig. 1, a reference numeral 1 denotes a synthesis processing apparatus for perfonming a series of 
synthesis process steps such as charging of raw materials, a reagent and a solvent, reaction for the synthesis, 
purification and fractional extraction of the product. A reference numeral 2 denotes a synthesis control 
apparatus constituted by a computer for automatically preparing and supplying the control Information 
required for the synthesis processing apparatus 1 to execute the series of synthesis process steps. The 

25 addition time of the reagent and the addition volume among others are arithmetically determined so that the 
optimum conditions for the intended synthesis reaction can be realized. A reference numeral 31 denotes a 
physical constant data input part for inputting constant data such as concentration data of the raw material 
compounds and the reagent which participate in the reaction for synthesis, a reaction-rate constant, an 
equilibrium constant, a substituent constant and others which are relevant to the synthesis reaction. A 

30 reference numeral 32 denotes a memory equipment for storing the abovementioned constant data inputted by 
way of the constant data Input unit 31. A reference numeral 33 denotes a reaction-rate calculating part for 
determining unknown reaction-rate constant and unknown equilibrium constant from a physical constant such 
as the substituent constant, in case a given chemical reaction formula is lacking in the reaction rate constant 
and the equilibrium constant. A reference numeral 34 denotes an optimum reaction condition calculating part 

35 which reads out the constant data such as the Initial concentration of the raw material mixture, the 
concentration of the reagent, the reaction rate constant, the equilibrium constant and others for a designated 
chemical reaction formula from the memory equipment 32 for thereby calculating the time for addition of the 
reagent and the volume thereof so that the optimal conditions for the synthesis reaction defined by the formula 
can be realized, wherein the results of the calculation are supplied to the synthesis processing apparatus 1 in 

40 the form of the control information. 

In the operation of the conceptual synthesis system of the present invention shown in Fig. 1, the synthesis 
control apparatus 2 receives as the parameter information indicating chemistry characteristics of the synthesis 
reaction to be controlled, the reaction rate constant ki, the equilibrium constant K (« ki/k-i) or the reaction 
constant and the substituent constant inputted through the constant data input part 31 and stores the 

45 parameter information In the memory equipment 32. The memory equipment 32 stores therein the constant 
data In con^espondance relation with ID (e.g. Identification symbol) attached to each of the chemical reaction 
formulae so that these constant data can readily be read out in an arbitrary manner. The reaction rate 
calculating part 33 serves to supplement the reaction rate constant ki and the equilibrium constant K for a 
chemical reaction formula designated for the control, unless these constant data are available form the 

50 memory, by determining them on the basis of the reaction constant and the substituent constant. The 
optimum reaction condition calculating part 34 calculates the reaction rate constant ki and the equilibrium 
constant K as well as the Initial concentration of the raw material mixture, the time ti for addition of the reagent 
and the volume Vi of the reagent to be added for a chemical reaction formula designated for the processing. 
The time ti [i = 1 .2, ...) for addition of the reagent means a reaction time Intervening between the sequential 

55 additions of tha reagent, wherein to, for example, represents a reaction time duration up to a time point ti at 
which the reagent is first to be added, and so forth. Accordingly, the total reaction time T is given by the 
following expression: 
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T^t^.g t, .;....(!) 



Further, the symbol Vi r presents the volume of the reagent to be added at each of the time points ti. 
65 Accordingly, th total volume Vt of the agent to be added can be express d as follows: 
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V, =^ x: V. (2) 



In the above xpressions (1) and (2) to. ti and Vi are given, respectively, by the following ones: 

yiT 1 1 +0C ' 10 

In C ) .....(3) 

^ 2Ak^ 1 1 -« 



yir 1 i 
t ( — . ) 

^ 2Ak^ 1 + ( 1 -OC ) -s/lT 



1=1 ^ 1 

X ( 1 + ) In 



Vq 1 



1- + 0C ^ 

x( 4.yTr) (4> 

1 -cc 



3 A OC /IT oC aTk" 1-1 
» 5L ( ) ( 1 ) (5) 
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where the symbols used In the expressions (3) to (5) have the contents as follows: 

ki: reaction rate constant (in fonvard direction), 

K : equilibrium constant, 

A : initial concentration of raw material mixture, 

a : ratio of concentration of intermediates as produced to theoretical equilibrium concentration. 45 
p : stolchiometricai ratio between the reagent and the intermediate, and 
y : concentration of the reagent 

Now, an exemplary embodiment of the present invention will be described in detail. Fig. 2 shows in a block 
diagram an arrangement of the automated* synthesis system for performing a series of synthesis process 
steps including the supply of raw materiisds, reagents and solvents, the synthesis reaction, purification and SO 
fractional extraction of a product in an automated manner. In the following, individual functional parts will be 
elucidated in the order of the reference numerals attached thereto for convenience of description. 
Parenthetically, interconnection of the various aprts will be readily understood from the figure. 

Constant Data Input Part 41 

Desired data such as the concentrations of raw materials and reagents, a reaction constant relevant to the 
synthesis reaction of concenFi, physical constants such as a substltuent constant and others, purity of the 
reaction product, the minimum yield to be attained at the least are inputted by way of this data input part 41. 

Sequence Table input Part 42 60 

A sequence table containing the control procedure for the whol synth sis process and a series f 
commands designating Individual control conditions Is inputted thr ugh this sequ nee tabi input part 42. 
Further, the names of r^w materials, reagents and solvents are inputted In association with the identification 
numbers allocated to the respective reservoirs. 

65 
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Memory Equipment 43 

The memory equipment 43 is constituted by a RAM (random access memory) backed up by an auxliiary 
storage device such as a floppy disk devic or the like and serves for storing the various input param ters such 
as the initial concentration of a raw material mixture, the concentration of reagent, the reaction constant, the 
5 substltuent constant and others as well as the sequence table for making them available for utilization, as 
occasion requires. An example of the sequence table is shown In Fig, 3 in the form of a sequence/timing chart. 

Sequence Controller 44 

This sequence controller 44 executes the control procedure and the individual controls designated in the 
10 sequence table (Fig. 3) to thereby issue coresponding operation commands. 

When entry of the raw material/reagent names corresponding to the identification number of the associated 
reservoir Is absent in the sequence table input part 42. the relevant supply step is jumped over to execute a 
succeeding operation. Combination of the raw materials for reaction and the order therefor are fetched in the 
sequence table. In case entry of the concentration is absent, the relevant operation in the sequence table is 
75 skipped. Unless extraction of the solvent and adjustment of pH are required, a liquid transfer (or 
transportation) process is executed. 

Selection of HPLC (high perfonnance liquid chromatography). CPC (centrifugal partition chromatography) 
and the developing solvent is realized by issuing a conresponding valve switching Instruction in accordance 
with the command. Volumetric measurement, concentration and extraction of the solvent and injection of the 
20 reactant mixture into the purification system are executed under control at succeeding sequence steps in 
response to signals outputted from a Q-L (gas - liquid boundary detecting) sensor, a L-L (liquid - liquid 
interface detecting) sensor, a concentration sensor and others. 

Raw Material/Reagent/Solvent Supply Part 45 
25 In response to the signal issued from the sequence controller 44. the amount of a solution of the raw 
materials is measured with the aid of the signal from the G-L sensor while controliing the corresponding valve 
on/off operation, the measured soiution being then Introduced to a reaction flask. 

Reaction/Concentration/Extraction Maneuvering Part 46 
30 Operations for the reaction, the concentration and the extraction are activated in response to the signals 
from the sequence controller 44 and a reaction controller 49 (described hereinafter). 

Reaction Speed Calculating Part 47 
Upon input of the reaction rate constants (ki) and the equilibrium constants (K = ki/k.i) for a product 
35 corresponding to several substltuent constants in the foliowing chemical reaction formula 

\ 
^-1 



the physical constants such as the reaction constants and others are arithmetically detennined to be stored in 
the memory equipment 43. On the basis of these physical constants stored in the memory equipment 43, the 
45 constants ki and K conresponding to a number of the substltuent constants are calculated through reverse 
procedure to be subsequently stored In the memory equipment 43. 

Optimum Reaction Condition Calculating Part 48 
Concentration of the reagent (R) for the reaction and the Initial concentration and volume of the raw material 
50 mixture are read out together with the constants ki and K from the memory equipment 43. whereon the time 
for addition and the volume of the reagent (R) to be added in the undermentioned succeeding reaction phase 
are calculated. 
M -f- R P 

55 Reaction Controller 49 

This reaction controller 49 regulates the reagent addition rate by adjusting the opening degree of the 
corresponding valve by driving with a pulse-like current. 

For the concentration and the extraction, the execution command is issued on the basis of the results of 
detection outputs of the cone ntration sensor and the L-L sensor. However, in the case of a reaction which 
60 does not require such execution command, the processing is jumped to a next sequence step. 

Heat/Cool/Vacuum Supply Part 50 

A heating medium or a coolant Is circulated through a jacket tube of the r action flask for the heating or 
cooling thereof. 

65 , in response to a signal commanding the concentration or a signal commanding transfer of the solution, the 
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associated valves are opened or closed with a vacuum pump being driven. 
Purification Part 51 

Th purification part includes the HPLC. CPC, concentrating means and a buff r solution adjusting system, 
wh rein selection of the HPLC or CPC or operation of them in the serial c nnection is rendered possible. 5 

Raw Material/Product identification Part 52 

Peaks of the effluent components are detected with the aid of HPLC or CPC, wherein those components 
exhibiting the peai<s having a same duration as the retention time of the raw materials are Introduced to a 
non-reacted raw material wastage reservoir 53 (described hereinafter). 10 

The peal< measured for the product is utilized for arithmetically determining the purity and yield of the 
product by taking into consideration magnitude of the peak or the relation between the magnitude of the peak 
and the retention time in case another peak makes appearance in the vicinity of the fonmer. 

When the purity and the yield have exceeded the respective desired values, the product fraction of concern 
is introduced to a product Isolation/fractlonation part 54 (described hereinafter). On the other hand, when the is 
purity Is lower than the desired value, a signal commanding re-purification is issued to the purification part 51 . 

When the yield is lower than an expected value, the product fraction is introduced to the fractional extraction 
part and at the same time a re-synthesis operation start command is issued to the memory equipment 43. 

Non-reacted Raw Material Waste Part 53 20 

The raw material fraction as identified by the raw material/product identification part 52 and the washing 
solution for the associated flow lines are all introduced into a reservoir for wastage. 

Product/lsolatlon/Fractionation Part 54 

The product fractions are introduced into concentrate reservoirs provided for every products and 25 
lyophilzed. 

Purification/Isolation Condition Generating Part 55 

On the basis of the retention time of the given raw materials, the purity and the minimum yield to be assured 
for the product and the result of the purification, the conditions for controlling the purification and isolation are 30 
determined to thereby generate appropriate control Information. 

Fig. 3 shows an example of the sequence table utilized in the apparatus according to the illustrated 
embodiment of the present invention. 

In this sequence, it Is assumed that reaction of solutions given by the general formula mentioned below is 
performed. 35 

D (reagent) 

A + B + (C) > X at the let stage 



F, G 



Y at the 2nd atage 



H, J 



at the 3rd stage 



40 



45 



More specifically, a plurality of raw materials A and B or A, B and C are added with D for reaction to thereby 50 
produce an Intennediate X (reaction at the first stage), being followed by processing of the intermediate by 
adding F and G (at the second stage), whereupon Y as derived is added with H and J for further reaction to 
thereby produce an end product P (at the third stage). The additives D, F, G, H and J may be reagent, catalyst 
or solvent. The product derived at each stage may be concentrated at a normal or reduced pressure, wherein 
the intermediate remaining within the flask may be caused to react with the reagent added thereto. 55 

In Fig. 3, "TIME (Tn)" represents a timing for the control, and "STEP" means individual steps included In the 
synthesis reaction processing. Further, "MEASUREMENT/CONTROL" represents the content of measure- 
ment or control effected at each "STEP*. Similarly "CALCULATION/DECISION' represents contents of the 
corresponding calculation/decision steps. 

Fig. 4 shows a structure of the control program for the embodiment shown in Rg. 2. Referring to Fig. 4, a 60 
main Input routine (i) is provided for inputting various data designating the conditions for the synthesis 
proc ss and thus implements the functi ns of the constant data input part 41 and the sequenc table input 
part 42 shown in Fig. 2. A r action condlti n parameter s tting routine (II) is provided for calculating and 
setting the reaction rate constant ki and the equilibrium constant K and otiiers used as the reaction condition 
parameters for the intended synthesis reaction given by a f rmula and thus realizes the function of the reaction 65 
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rate calculation part 47 shown in Fig. Z A reaction controi information generating routing (lil) is provided for 
calculating the reagent addition time ti and the volume Vi of the reagent to be added to thereby generate the 
controi information for the addition of th reagent and thus realizes the function of the optimum reaction 
condition calculation part 48 shown in Fig. 2. A reaction product purification/isolation condition generating 

5 routine (IV) is provided for generating the control information for the purification and the isolation in 
dependence on the desired values of purity and yield of the product derived as the result of the synth sis 
reaction and thus realizes the function of the purification/isolation condition generating part 55 shown in Fig. 2. 
A main control routine (V) serves to control the synthesis processing apparatus on the basis of the control 
information established or generated through the routines (1) to (IV), 

10 Next, flows of the Individual routines (I) to (V) will be explained in more detail by reference to Figs. 5 (I) to (V). 

Main Input Routine (I) 

Fig. 5 (A) shows a flow of the main input routine (I) which Includes steps (1-1) to (1-4). the contents of which 
are mentioned below. 

15 At the step (1-1). the data input operation Is executed while watching an input image. The input image is 
provided with prompting display regions for displaying various items prompting the input of the data required 
for performing the synthesis process and data Input regions. In accordance with the input data items, there 
can be inputted various parameters such as, for example, names of raw material compounds, types of the 
reaction, names of the substituents. names of reagents, concentrations of the raw material and the reagent, a 

20 control table, the sequence table and others in the data input regions. However. It is not always necessary to 
input the corresponding data in response to all the input data items being displayed. The data input may be 
spared for some of the items. Further, it Is also possible to make use of the data inputted previously and stored 
in a file to thereby select the appropriate data or alternatively to utilize default values Instead of the data 
Inputting mentioned above. The input image may be constituted by a plurality of areas such as main input 

25 image areas and auxiliary Input image areas. 

At the step (1-2), the step (1-1) mentioned above is repeated until the end of the data Input operation has 
been detected. The data inputted are stored. 

At the step (1-3), the input data are analyzed to check whether the reaction condition parameters required 
for the synthesis process control of concern have completely been Inputted or not. 

30 At the step (1-4), when It Is found that some of the reaction condition parameters are absent, the reaction 
condition parameter setting routing (II) is called to request for supplementation of the absent parameters. On 
the other hand, when all the reaction condition parameters as required have been inputted, a reaction product 
purification/Isolation condition generating routine (IV) is then activated. 

35 Reaction Condition Parameter Setting Routine (II) 

Fig. 5 (B) shows a flow of the reaction condition parameter setting routine including steps (11-1 ) to (11-6), the 
contents of which are what follows, 

At the step (11-1). a processing required for the supplementation of the reaction condition parameter as 
mentioned above is executed. At first, the reaction formula of concern is identified. When the required reaction 
40 constant is available from the data accumulated until then for the same type reaction formula as the Identified 
one, the step (11-2) is executed. On the other hand, the reaction constant for the same type reaction formula is 
unavailable from the previously accumulated data, learning (inference) has to be made. To this end, the step 
(11-5) for determining the reaction constant of concern is executed. 
At the step (11-2), the stored substltuent constant Es Is read out. 
45 At the step (11-3). the substltuent constant Es is utilized for calculating the reaction condition parameters, 
i.e. the equilibrium constant K and the reaction rate constant ki. Examples of the formulae for the calculation 
are given below: 

K = 0.47 exp (0.614 Es / 0.4343) (6) 
ki - 9.57 exp (2.607 Es / 0.4343) (7) 
50 In the above expressions (6) and (7), the numerical values represent the reaction constants. 

At the step (11-4), the inputted or calculated parameters for the reaction condition are set. The calculated 
reaction condition parameters are also registered as the learned data for storage in the file for the purpose of 
making it possible to utilize them In the future. 

At the step (11-5). the equilibrium constants K, the reaction rate constant ki and the substltuent constants Es 
55 for the reaction formula of concem are read out from the file storing the data for the known reaction formulae, 
for thereby determining the reaction constants for the reaction formula of concem. 

At the step (11-6). the reaction constants and the substltuent constants for the reaction formula of concem 
are calculated on the basis of distributions of K, ki and Es for the known reaction formula as read out by 
resorting to the m thod of least squares. The results of the calculation are transferred to the step (11-3). 

60 

Reaction Control information Generating Routine (III) 

Fig. 5 (C) shows a flow of a reaction control Information generating routine Including steps (III-1) to (lil-9). 
the cont nts of which ar describ d below. 

Atth step (III-1), the contents of control stored in the sequenc table creat d through th input pr c dure 
65 effected by th primary Input routine (I) are analyzed for the sequential synthesis process steps. 
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At the step (III-2), decision is made as to whether the reaction control Is requir d at th pr cess step to be 
next executed In the sequence table. If it Is required, the step {lil-3) is executed. Otherwise, the step (III-8) is 
executed. 

At th St p (111-3), the reaction condition parameters K and ki as set are read out. 
At the step (III-4), th reag nt addition time ti is calculated according to the expression (4) mentioned 
hereinbefore. 

At the step (III-5). the volume Vi of the reagent to be added is calculated In accordance with the expression 
(6) mentioned hereinbefore. 

At the step (III-6) , the opening/closing of the valve for addition of the reagent is controlled under pulse drive 
on the basis of tt and Vt calculated. 

At the step (lli-7), the steps (III-4) to (Iii-6) are executed until the addition of the reagent has been 
completed. 

At the step (III-8), when it Is decided at the step (III-2) that the reaction control is unnecessary, other 
synthesis process controls such as opening/closing (ON/OFF) of valves and start/stop of pumps as 
commanded is performed. 

At the step (III-9), signal output from the G-L sensor is fetched for monitoring the status being currently 
controlled. 

Reaction Product Purification/Isolation Condition Generating Routine (IV) 

Fig. 5 (D) shows a flow of the reaction product purification/isolation condition generating routine Including 
steps (IV-1) to (IV-13), the contents of which are described below. 

At the step (IV-1), the retention time of the raw material compounds, the purity of the reaction product and 
the minimum yield to be assured set at the respective derived values are read out. 

At the step (IV-2), decision Is made as to whether the purification process Is to be altered or not. If it is 
unnecessary, the step (IV-3) Is executed. Otherwise, the step {IV-4) Is executed. 

At the step (IV-3), a mixture resulting from the reaction is injected. 

At the step (IV-4), data of the HPLC column, developing solvent and the CPC developing solvent are 
inputted. 

At the step (IV-5). the flow lines for the injection Into the purification system are changed. 
At the step (IV-6), signals from the detectors of the purification system are fetched. 
At the step (IV-7). the base line (reference point) Is measured, 

At the step (IV-8). slope of the peak, the maximum peak value, the peak area and the retention time are 
measured, respectively. 

At the step (IV-9). decision Is made as to the possibility of isolated extraction of the product or wastage of 
the raw materials. In case the isolated extraction is to be performed, the step (IV-10) Is executed. Otherwise, 
the step (IV-6) is resumed. 

At the step (IV-10), the purity and the yield of the product are calculated. 

At the step (IV-11), through comparison with the desired purity, decision is made as to whether 
re-purification Is necessary or not In case the re-purification Is necessary, the step (IV-12) is executed. 
Othenwise. the step (IV-13) is executed. 

At the step (IV-12). through comparison with the desired yield, decision is made as to whether or not the 
re-synthesis is required. If it is necessary, the main control routine (V) is executed. Otherwise, the processing 
comes to an end. 

Main Control Routine (V) 

Fig. 5 (E) shows a flow of main control routine including steps (V-1) to (V-15), the contents of which are 
described below. In this conjunction, it is assumed that the names of the raw materials, reagents and solvents, 
the reservoir Identification numbers, the necessity or non-necessity of the extraction process, command for 
the concentration process, and the necessity or non-necessity of the pH-adjustment of the solution as well as 
the pH-value have been Inputted already through the main input routine (I). 

At the step (V-l ). initialization of the sequence is performed and a proper sequence table (e.g. one shown In 
Fig. 3) is set. 

At the step (V-2). various parameters inputted through the routine (I) are analyzed. 

At the step (V-3), the first process step in the sequence table is read out for commanding a raw material 
mixing (supplying) sequence. 

At the step (V-4), information commanding the valve opening and the pump start is outputted. 

At the step (V-5) . the signal outputted from the G-L sensor is fetched to measure the amount of the injected 
solution. 

At the step (V-6), information commanding the valve close and the pump stop is outputted. 
At the step (V-7), decision Is made as to whettier the raw material mixing sequence has been completed or 
not. 

At the step {V-8) , the next process step In the sequence table Is read out for indicating the reaction process. 

At the step (V-9), decision is made as to the necessity or non-necessity of the reaction control. When the 
reaction control is n c ssary, th reaction control information generating routine (111) is activated. When it is 
non-necessity the step (V-10) is executed. 
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At the step (V-10), reaction process time sequence Is aiter d by the input operation. 

At the step (V-l 1 ). the signals outputted from the concentration sensor, G-L sensor and the L-L sensor are 
fetched to perform the pH-measurement and decision as to the propriety thereof. 

At the step (V-12), the result of the decision is checl<ed to output the information commanding the 
opening/closing of valves, start/stop of pumps and selection of the cooling/heating medium. 

At the step (V-13), decision is made as to th completion of the reaction process sequence If it Is not y t 
completed, the step (V-8) is resumed. When completed, the reaction product purification/isolation condition 
generating routine (IV) is activated 

At the step (V-14), the Infonnation commanding the drive or stop of the valves, pumps and the motors for 
the purification/Isolation Is outputted. 

At the step (V-15). it Is decided whether or not all the processing operations have been completed. If so the 
synthesis process is finished. If not completed, the step (V-1) is regained. 

As will be appreciated from the foregoing description, according to the present invention, the control 
information for performing a given synthesis reaction is automatically generated for the optimum reaction 
conditions simply by Inputting the predetemiined constant data for the given synthesis reaction at the start 
thereof, whereby the synthesis reaction can be executed automatically. Thus, there can be attained a high run 
efficiency while mitigating significantly the burden on the operator, which is very advantageous particularly 
when a wide variety of synthesis reaction processes have to be frequently carried out. 



Claims 



1- An automated compound synthesizing method for producing an aimed product by controlling a 
series of synthesis process steps including supply steps of raw material compounds, reagents and 
solvents, synthesis reaction step, a purification step and a product extraction step In accordance with 
control information for allowing said synthesis process to be performed under optimum conditions 
charactenzed in that said control infonnation for allowing the synthesis reaction to be perfonned under 
the optimum conditions is automatically prepared on the basis of parameters such as a reaction rate 
constant, an equilibrium constant and other factors involved in said synthesis reaction by taking into 
account predetermined relations existing among said parameters and time for addition of said reaaent 
and the amount thereof. ^ 

2. An automated synthesis system, comprising a synthesis processing apparatus (1) for performing a 
senes of synthesis processing steps including supply of raw material compounds, reagents and solvents 
synthesis reaction, purification and extraction of a product In accordance with control information to 
thereby produce an aimed product and a synthesis control apparatus (2) for generating control 
information required for controlling said synthesis process steps in said synthesis processing apparatus 
characterized in that said synthesis control apparatus (2) includes means (34) for generating the control 
inforrnation capable of realizing the synthesis reaction under the optimum conditions on the basis of a 
reaction rate constant, an equilibrium constant and others involved in the synthesis reaction and 
supplying the control information to the synthesis processing apparatus (1), said control information for 
realizing the synthesis reaction under the optimum conditions including information concerning a series 
of time points (ti) at which said reagent is to be added and volumes (Vi) of said reagent to be added at said 
time points, respectively. 

3. An automated synthesis system according to claim 2. characterized In taht said synthesis control 
apparatus (2) incorporates a function (33, 47) for determining the reaction rate constant and the 
equilibrium constant from a substituent constant. 

4. An automated synthesis system according to claim 3, characterized In that said synthesis control 
apparatus (2) includes means (32.43) for storing the reaction rate constant and physical constants such 
as the equilibrium constant, reaction constant, substituent constant and others for each of chemical 
reaction formulae. 

5. An automated synthesis system according to claim 3 or 4, characterized in that said synthesis 
control apparatus (2) includes means (33. 47) for calculating the reaction rate constant and the 
equilibrium constant from the substituent constant for the chemical reaction formulae in which the 
reaction rate constant and the equilibrium constant are unknown. 

6. An automated synthesis apparatus according to claim 4. characterized by means (43, 47) for 
determining the reaction constants for the chemical reaction formula for which said reaction constants 
are unknown from physical constant such as the substituent constant and others, the relevant reaction 
rate constant and/or equilibrium constant as stofBd. 
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